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The Causal Influence of Anxiety on
Academic Achievement for Students
of Differing Intellectural Ability
Darlene L. Heinrich
Florida State University

The present study examined the relationship be-
tween anxiety and learning within the context of
drive theory and trait-state anxiety theory. It was
hypothesized that trait anxiety (A-trait) would in-
fluence state anxiety (A-state), which in turn would
influence academic achievement. The subjects were
86 students enrolled in a graduate education course
for whom measures of A-state, A-trait, and achieve-
ment were obtained concurrently at three times
during the course. GRE scores were used as mea-
sures of intellectual ability. Data were analyzed
using the frequency-of-change-in-product-moment
technique (Yee & Gage, 1968), a causal analysis
statistic which permits the determination of source
and direction of causal influence in lagged correla-
tional data. Results showed that A-trait influenced
A-state and achievement, but the relationship be-
tween A-state and achievement was ambiguous.
When intellectual ability was considered, A-trait
was found to influence A-state and achievement,
but only for high-ability students.

The relationship between anxiety and learn-
ing has been a topic of intense interest for psy-
chologists and educators over the past quarter
century. Much of the early research in this field
tested hypotheses derived from drive theory
(Taylor, 1956; Spence, 1958), which specifies
that anxiety has a causal influence on perform-
ance :
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Anxiety- Performance.

In general, high anxiety has been found to facil-
itate performance on easy learning tasks and to
contribute to performance decrements on dif-
ficult tasks (Spence & Spence, 1966).

Recent research on anxiety and learning has
been greatly influenced by Cattell and Scheier’s
(1958) distinction between state and trait anxi-
ety. In formulating a trait-state theory of anxiety
and behavior, Spielberger (1966a) defines state
anxiety (A-state) as a transitory emotional reac-
tion that consists of feelings of tension and ap-
prehension, and arousal of the autonomic nerv-
ous. system. Trait anxiety (A-trait) refers to rela-
tively stable individual differences in anxiety
proneness, i.e., to differences in the disposition
to perceive the world as dangerous or threaten-
ing and to experience elevations in A-state.

Anxiety states vary in intensity and fluctuate
over time as a function of the stresses that im-

pinge upon an individual. In situations that pose
direct or implied threats to self-esteem, trait-
state anxiety theory holds that high A-trait per-
sons experience higher levels of state anxiety
than persons who are low in A-trait (Spielberger,
1972). Although trait anxiety does not directly
influence performance, A-trait influences level
of A-state, and A-states have motivational or
drive properties that influence performance.
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The causal relationships posited by trait-state
anxiety theory may be expressed as follows:

In investigations of anxiety and learning, an
analysis of variance (Anova) research paradigm
is typically used to evaluate anxiety-performance
relationships. Trait anxiety is generally con-
ceptualized as the independent variable, and
subjects are classified as high or low anxious on
the basis of their scores on measures such as the

Taylor (1953) Manifest Anxiety Scale or the
State-Trait Anxiety Inventory (STAI; Spiel-
berger, Gorsuch, & Lushene, 1970). The per-
formance of high- and low-anxiety groups is

then compared using Anova statistical

techniques.
A major weakness with Anova research de-

signs in studies of anxiety and learning is that
the investigator cannot randomly assign subjects
to high- and low-anxiety groups. Even though
many investigators conceptualize trait anxiety as
an experimental (manipulated) independent
variable, the actual data generated by such de-
signs are correlational in nature, and causality
cannot readily be determined. However, recent
advances in causal analysis techniques provide
an empirical basis for inferring causal relations
from correlational data.
A variety of causal analysis procedures have

been developed (Heise, 1975), the most promi-
nent of which are path analysis and the cross-
lagged-panel-correlation technique. Both causal
analysis procedures begin with an explicit theo-
retical statement of the causal relationships that
are hypothesized among a set of variables. Path
analysis assumes causality, then estimates the
magnitude of the direct and indirect effects of
certain variables on certain others. In contrast,
the cross-lagged-panel-correlation technique
tests the relationship between variables to deter-
mine which, if either, is a causal agent. The

cross-lagged-panel-correlation technique opera-
tionalizes the rule of time precedence as a fun-
damental premise for inferring causality by us-
ing panel data, i.e., data collected on the same

two or more variables on the same individuals at
two or more points in time.
While the cross-lagged-panel-correlation

technique is useful for identifying a causal vari-
able (the source of influence), it does not permit
the determination of direction of influence, i.e.,
whether the causal variable results in increases
or decreases in the dependent variable. Yee and
Gage (1968) have developed a causal analysis
procedure, the frequency-of-change-in-product-
moment (FCP) technique for use with panel
data, which permits identification of both source
and direction of causal influence.

The FCP technique was used in a recent study
by King, Heinrich, Stephenson, and Spielberger
(1976) that investigated causal relationships be-
tween trait anxiety, state anxiety, and academic
achievement in two college courses. King et al.
(1976) reported evidence that trait anxiety in-
fluenced state anxiety and that both trait and
state anxiety influenced achievement; however,
they were unable to determine the direction of
causal influence.
Some research has suggested that the in-

fluence of anxiety on performance may depend
upon the intellectual ability of the student. In
particular, Denny (1966) and Spielberger
(1966b) have observed that high anxiety is as-
sociated with superior performance for high
ability college students and with performance
decrements for students of low ability. In the
present study, the Yee-Gage FCP technique was
used to evaluate the source and direction of
causal influence between anxiety and per-
formance in a university course for graduate stu-
dents with high and low intellectual ability. On
the basis of previous research, it was predicted
that trait anxiety would influence state anxiety
and that A-state would facilitate performance
for high-ability students and would lead to per-
formance decrements for students with low abil-

ity.

Method

Subjects
The subjects were 86 graduate students en-

rolled during one of four consecutive academic
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quarters in an &dquo;Introduction to Educational Re-
search&dquo; course. This course was taught by the
same instructor each quarter and was required
for most doctoral students in the College of
Education. In the analyses of casual relations,
data were available for varying numbers of stu-
dents because of absences from class on one or
more of the three occasions on which the re-
search instruments were administered. Com-

plete data were available for 68 of the students
for all three occasions of measurement, and
Graduate Record Examination (GRE) scores
were available for 59 of these students. GRE
scores (verbal plus quantitative) ranged from
640 to 1470, with a median score of 1060 (mean
= 1065, S.D. = 165). Thus, a wide range of in-
tellectual ability was represented in the sample.

Procedure

A diagnostic pretest was administered to each
class at the beginning of the term, and the STAI
(Spielberger et al., 1970) was given immediately
following this pretest examination. The STAI A-
state scale was first administered with modified
instructions which asked students to report how
they felt while taking the pretest. The STAI A-
trait scale was then given with standard instruc-
tions (&dquo;Indicate how you generally feel&dquo;). The
STAI A-state and A-trait scales were read-
ministered with these same instructions im-

mediately following the midterm examination
and again at the end of the quarter, following
the final exam.

Analysis of Data

The Yee-Gage (1968) FCP technique requires
that all variables under consideration (i.e., A-
trait, A-state, performance) be measured con-
currently for each subject on two or more oc-
casions. For each variable, the distribution of
raw scores is converted to z scores, and the cross-

products of specific combinations of z scores
for each subject are then classified according to
one of four competing hypotheses. With respect
to the direction of influence, cross-products that

show an algebraic increase at the next measure-
ment period are said to have changed con-

gruently (i.e., one variable increases the other);
those that show an algebraic decrease over time
are said to have changed incongruently (i.e., one
variable decreases the other). When the direc-
tion of change is congruent, the variable whose
premeasure was part of the more positive prod-
uct is considered to be the source of influence.
When the direction of influence is incongruent,
the variable whose premeasure was part of the
more negative product is considered to be the
source of influence.

In the hypotheses listed below, z refers to a
subject’s z scores for state anxiety (S) or for per-
formance (P), and the subscripts 1 and 2 refer to
the pretest and midterm, respectively.

If ZSlZP1 < ZS2ZP2, then change is congruent (C),
and

1. if ZSlZp2 > ZS2ZPh then A-state is the
source of influence (SC),

2. if ZSlZP2 < zs2zp,, then performance is
the source of influence (PC).

If ZS1ZP1 > ZS2ZP2, then change is incongruent
(I), and

3. if ZslZP2 > ZS2ZPI, then performance is
the source of influence (PI),

4. if ZSIZP2 < ZS2ZP1, then A-state is the
source of influence (SI).

It should be noted that while the FCP technique
is appropriate for lagged correlational data, it
does not rule out the possibility that a third vari-
able may be responsible for the relationship be-
tween the other two variables.

It has been noted that the FCP technique oc-
casionally misclassifies subjects because de-
cisions for source and direction are made on the
basis of products of z scores. Errors occur when
two variables both increase over time, but the
product of signed z scores becomes more nega-
tive because one variable is positive and the
other is negative. This potential difficulty was
eliminated in the present study by transforming
raw scores to T-scores with a mean of 50 (S.D. =
10) so that all scores would be positive.
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In this study, source and direction of causal
influence were evaluated for each of the three

pairs of variables (trait and state anxiety; trait
anxiety and performance; state anxiety and per-
formance). Thus, for each pair of variables,
three FCP analyses were performed: (1) pretest
vs. midterm test scores (tit2); (2) pretest vs. final
test scores (tilt3); and (3) midterm vs. final test
scores (t2t3). In each of these analyses, the data
for individual subjects were classified according
to the source and direction of influence. For ex-

ample, in evaluating the relationship between
state anxiety and performance, the source and
direction categories were state-anxiety-con-
gruent (SC) or incongruent (SI) change; or per-
formance-congruent (PC) or incongruent (PI)
change.
To determine source of influence independent

of direction, the data for the source categories
were combined (e.g., for A-state and per-
formance : SC + SI vs. PC + PI), and chi-squares
were computed. When the chi-square for a par-
ticular source of influence was significant, the
direction of influence was subsequently evaluat-
ed by a chi-square analysis of congruent vs. in-
congruent frequencies for that source variable.
Thus, if state anxiety were determined to be the
causal variable, the frequencies of SC vs. SI were
evaluated to determine whether the direction of

change could be identified as congruent or in-
congruent.

Four competing hypotheses were tested for
each pair of variables, e.g., for state anxiety and
performance, the following hypotheses were test-
ed : (1) increases in A-state cause increases in
performance (SC); (2) increases in A-state cause
decrements in performance (SI); (3) increases in
performance cause increases in A-state (PC);
and (4) increases in performance cause decre-
ments in A-state (PI).

Results

Table 1 presents the means and standard de-
viations for the STAI A-state and A-trait scales
and the performance scores of the 68 students
for whom complete data were available for these
three variables on all three occasions of mea-
surement. The A-trait means for the pretest, the
midterm, and the final examination sessions

were relatively stable across the three measure-
ment periods; an Anova for these data indicated
that the differences in the means could be attri-
buted to chance, F(2, 134) =.51, p > .05. In con-

trast, state anxiety fluctuated as a function of
examination stress, increasing from the pretest
period to the midterm examination and re-

maining high during the final examination, F(2,
134) = 11.23, p < .01. Since the pretest, mid-
term, and final examinations consisted of dif-

fering numbers of items, no meaningful com-

Table 1
Means and Standard Deviations of Anxiety and Performance Measures
for 68 Subjects with Complete Data for Three Measurement Periods.
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parisons could be made for the students’ per-
formance scores. However, as can be noted in
Table 1, there was considerably less variability
in midterm performance scores than for the pre-
test or the final examination.

In the FCP analyses of causal relationships for
each pair of variables, complete data were avail-
able for 71 students in the t1t2 analysis and for
75 students in the tlt3 analysis and in the tzt3
analysis. The results of the FCP analyses for the
source and direction of causal influence are

presented in Table 2. For source of influence be-
tween A-trait and A-state, the chi-squares for all
three comparisons were significant. In each of
these analyses, the number of instances in which

T influenced S was greater than those in which S
influenced T, indicating that A-trait was the
causal variable.

Trait anxiety also emerged as the causal vari-
able in all three analyses of the relationship be-
tween A-trait and performance. With respect to
the direction of influence in these analyses, since
the number of cases of congruent and incon-

gruent change were approximately equal, it was
not possible to specify the direction in which A-
trait influenced either A-state or performance.

In the relationship between A-state and per-
formance, no causal influence pattern could be
identified. A-state influenced performance as

often as performance influenced A-state, as can

Table 2

FCP Analyses of the Source and Direction of Causal Influence

*p < . 05 ; 1 **p <.01
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be noted in Table 2. Since the source of causal

relationship between A-state and performance
could not be established, it was not meaningful
to evaluate the direction of influence for these

relationships.
In order to evaluate the effects of intellectual

ability on the source and direction of causal in-
fluence, separate FCP analyses were conducted
for those students for whom GRE scores were
available. Students whose GRE scores were

above the median GRE score of 1060 for the
total sample were designated as the high-ability
group; those with GRE scores below the median
were designated as the low-ability group.
The FCP analyses for the 30 high- and 29 low-

ability students are reported in Table 3. For the
high-ability students, A-trait exerted a sig-
nificant causal influence on A-state in all three

comparisons. Trait anxiety also influenced per-
formance in the t,t2 analysis for the high GRE
students, but none of the chi-squares were sig-
nificant in the corresponding analyses for direc-
tion of influence.
No causal relationships between A-trait and

performance were identified in the t,t3 and t2t3
FCP analyses for high-ability students, nor be-
tween A-state and performance in any of the
FCP analyses for these students. For the low-
ability students, no causal influence patterns
emerged in any of the FCP analyses, as can be
noted in Table 3. Since no source variables were
identified in these analyses, calculations for di-
rection of influence were not appropriate.

Discussion

The present study tested predictions from
drive theory and trait-state anxiety theory with
regard to causal relationships among anxiety
and performance variables for graduate stu-

dents enrolled in an educational research
course. The predictions that were tested speci-
fied that trait anxiety influences state anxiety,
which in turn influences academic performance:

A strong relationship was found between trait
and state anxiety, with A-trait emerging as the
causal variable. This finding was consistent with
the prediction from trait-state anxiety theory
(Spielberger, 1966; 1972) that T-S. A causal
relationship between trait anxiety and per-
formance was also found, T-P, providing sup-
port for the drive theory prediction that anxiety
influences performance. These findings also rep-
licate the results of King et al. (1976).
With respect to state anxiety and per-

formance, no source of causal influence could be
identified, i.e., state anxiety influenced per-
formance in as many cases as performance in-
fluenced A-state. These findings suggest that
performance tests not only measure achievement
but may also serve as stressors. In the present
study, the performance tests were apparently
perceived as threatening by some students and
thus influenced state anxiety: P-S. But for
some students, individual differences in state

anxiety also seemed to influence performance:
S-P. Thus, the relationship between A-state
and performance may be a reciprocal one, which
may be depicted as S-P.
The findings that trait anxiety influenced

both state anxiety and performance, and that A-
state and performance seemed to have a re-

ciprocal influence upon one another, suggest the
need for a revised model. The following predic-
tive model would seem to be most consistent
with the results of this study:

The students in the present study represented
a wide range of intellectual ability, which per-
mitted evaluation of hypotheses derived from
Spielberger’s (1966b) extension of drive theory to
incorporate individual differences in intelli-

gence. In the FCP analyses of the relationships
among state anxiety, trait anxiety, and per-

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



357

Table 3
FCP Analyses of the Effects of Ability on the

Source and Direction of Causal Influence

*p __ ~-: 05 _ 
--
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formance for students with high and low ability,
it was found that A-trait exerted a significant
causal influence on A-state, but only for the
high-ability students. For low-ability students,
no causal influence patterns were identified.

In the FCP analyses for high- and low-ability
students, it was necessary to eliminate 12 to 16
students because of missing data. Most of these
students had never taken the GRE, but some
were absent or postponed taking these exams.
For almost all of these students, trait anxiety in-
fluenced performance. Thus, the loss of a dis-
proportionate number of T -P students clearly
biased the causal analyses for the high- and low-
ability students, suggesting that students whose
anxiety influenced their performance were more
likely to avoid taking the GRE and/or to absent
themselves from class during course exams.

In this study, the inability to determine the di-
rection of influence of A-trait and A-state on

performance may have resulted from a limita-
tion in the Yee-Gage model. According to Yap
(1974), when time 1 (initial) measures are uncor-
related, the FCP model is effective; but when
time 1 measures are correlated, only the source
of influence is likely to be correctly identified,
and estimates of the direction of influence tend
to be ambiguous. In the present study, A-trait
was correlated .58 with A-state and .24 with per-
formance for the pretest (time 1) measures.

In summary, the results of the present study
provide evidence that trait anxiety has a causal
influence on state anxiety and on performance
in course examinations. The results also sug-
gested that there may be a reciprocal relation-
ship between state anxiety and performance.
While trait anxiety influenced performance for
high-ability students, no causal relationships be-
tween anxiety and performance were found for
students with low ability. There was no evidence
with regard to the direction of causal influence
in the present study, but the power of the Yee-
Gage (1968) model appears to be limited in the
evaluation of directionality for variables that are
moderately correlated, as was the case for trait
and state anxiety and performance in this study.
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